Background & Aim: DBS (deep brain stimulation) is a new and successful technique in treatment of symptoms of Parkinsonism especially after drug resistance. Research in this field is mostly designed for evolution of this technique. The present study aimed at evaluating the relationship between the angle formed in midsagittal and STN (sub-thalamic nucleus) axis line and recording length in the final electrode placement. Methods & Materials/Patients: 46 patient candidates for DBS operation were studied in terms of demographic variables, STN nucleus length, the angle between midsagittal line and STN axis (p angle), the number of tested electrodes, force and length of final electrode registration and final coordinates of the placed electrode. The primary information was obtained from patients records and other technical information based on MRI imaging using Stereonata software and during surgery. The information were analyzed using SPSS (version 16) and descriptive analysis and linear relationship.
Introduction
Recent improvements in various surgical procedures for treating parkinson's disease (PD) has led to a significant reduction in the operative risk. Deep brain stimulation of the subthalamic nucleus (STN-DBS) is currently accepted as a highly effective surgical treatment for PD which complicated by dyskinesia, disability and idiopathic motor fluctuation (1) (2) (3) (4) . The best management of STN-DBS should be relied on maximizing benefit and minimizing risk (5) . In some recent studies, the improvement of short-term and long-term outcomes including increase in daily living activities and motor functions as well as lower medication load and its-related side effects has been described (4) . Furthermore, it has been shown that the use of this surgical technique results in weakened clinical manifestations such as tremor, bradykinesia, rigidity and dystonia (6) (7) (8) (9) . Different randomized studies suggested that better surgical outcome can be obtained in PD patients with medication-refractory and difficult to control onoff fluctuations (9) (10) (11) . Although there is a general agreement for the efficacy of STN-DBS in removing PD symptoms, selecting the best protocols for DBS lead placement is still controversial (1) . One of the most important components of DBS implantation surgery technique is sterotactic anatomic targeting and target verification. A variety of approaches are available to localize optimal target. Anatomical targeting was initially applied to achieve the most precise localization. Primarily, the stereotactic coordinates of the anterior commissure (AC) and posterior commissure (PC) lines were used in indirect targeting (12, 13) . However, with the advances in neuroimaging technologies, direct visualization of the various nuclei is now possible, so that it can offer excellent stereotactic precision. In this regard, magnetic resonance imaging (MRI) can offer the best anatomical resolution in multiple plans (4) . On the other hand, the STN on coronal T2-weighted images is easily identified (14) (15) (16) and can be localized and inserted by DBS leads during surgery. The position of the stimulator contact of the DBS electrode is one of the important factors for achieving optimal clinical results (4, 6, 9) . However, it is difficult to understand the anatomical relationship between the electrode and the STN based on an atlas. For the first time, the angle between STN axis and mid-sagittal line was calculated to determine the best trajectory. The angle of the electrode trajectory is about 60 degrees from the horizontal plane of the AC-PC line and about 20 degrees from the sagittal plane (17) . In the present study, we first aimed to estimate the angle made between STN axis and mid-sagittal line (as angle Ɵ) and estimate the angle of difference between Ɵ and the stereotactic arc (as P angle) during targeting process. Then, we purposed to determine the relationship between P angle and study endpoint defined as the recorded length and force from final fixed microelectrodes on both left and right sides. To our knowledge, this is the first innovative attempt that assays these relations worldwide (Figure 1 ).
Methods and Materials
In a prospective study within the three years between 2006 and 2009, 92 DBS electrodes were implanted in 46 patients with the final diagnosis of PD referred to Parkinson clinic of Rasoul-e-Akram University Hospital in Tehran, Iran. All patients had bilateral implantation in the same operation. PD in all participants was diagnosed based on the modified specific clinical criteria of PD reported by The United Kingdom Brain Bank (18) . All patients received appropriate medical control by neurologists in our university hospital prior to the surgical treatment. Those with contraindications for surgery including impaired general status, history of psychiatric disorders, heart failure, taking anticoagulants, pacemakers in sentinel mode or dementia were not included. The study protocol was approved by the institutional board, and informed consent was obtained from all patients because their surgical and clinical data may be used in our research. Baseline characteristics and clinical data were collected from hospital recorded file including age, disease duration, medications and dominant site of symptom. Technically, the information was obtained based on MRI plane. A Leksell-G stereotactic frame was applied under local or general anesthesia. We fixed the frame parallel to the orbitomeatal axis and then patients were taken to the MRI unit where special sequences were obtained by a 1.5 Tesla machine (Philips). DBS and MRI parameters such as target coordinates (X,Y,Z) in all three axes on both sides were reported and calculated by three methods of manual, use of SchaltenbrandWahren stereotactic (S-W) atlas and stereotactic software (Steronata). The series of images were taken pre-operatively by MR T2 weighted coronal view to better define the STN. The target coordinates were reported to the T2-weighted image in order to find the best trajectories for insertion of DBS electrodes. The CRW arc and ring angles relative to the AC-PC plane were determined. After the STN defining, the angle between STN axis and mid-sagittal line was determined (angle Ɵ) for both sides. Sterotactic arc was also determined using Steronata software based on the best trajectory we determined. Then, the angle of difference between Ɵ and the stereotactic arc (as P angle) was calculated as: (Figure 2 ) P = | 90-Arc | -Ɵ In the operating room, we tried to insert 5 trial microelectrode (ant, post, central, med and lat), then the force and the length of each trial microelectrode were recorded and pointed from zero (flat line) to four (best STN recording amplitude), subsequently the most appropriate force and length were obtained bilaterally. Then we made stimulation on each electrode and compared the clinical responses (reduction of bradykinesia and tremor with the least side effects). At last, we determined the best trajectory with higher recording data and appropriate clinical responses without side effects (Figure 3 ). Our study endpoint was to clarifying the relation between P angle values and two parameters of the recording force and the length of recording from final fixed microelectrodes intra operatively. For statistical analysis, results were presented as mean ± standard deviation (SD) for quantitative variables and were summarized by absolute frequencies and percentages for categorical variables. Correlation between the parameters was examined using the Pearson's correlation coefficient test. Statistical significance was determined as the P value<0.05. All statistical analysis were performed using SPSS software (version 20.0, SPSS lnc., Chicago, Illinois).
Results
The mean age of patients was about 49.93 ± 8.94 years (ranged from 31 to 72 years) of whom, 37 (80.0%) were male. The mean duration of disease was also 11. Table 1 , the mean force of the recording from trial microelectrodes implanted in the right side ranged from 1.49 ± 1.45 to 2.65 ± 1.42 and in the left side from 1.53 ± 1.35 to 2.65 ± 2.30. Also, the mean length of the recording trial microelectrodes implanted in the right side ranged from 2.54 ± 2.53 mm to 4.06 ± 2.23 mm and in the left side from 2.12 ± 2.18 mm to 4.17 ± 2.04 mm. The descriptive characteristics of the location of both right and left STNs in X-, Y-and Z-coordinates are listed in Table 2 In the right side, the arc and ring angles relative to the AC-PC plane ranged from 68.4 ± 2.66 degrees to 53.9 ± 5.25 degrees, respectively. Also, in the left side, the arc and ring angles relative to the AC-PC plane were in the ranges from 111.41 ± 2.79 to 52.81 ± 5.7 degrees, respectively (Table 3) . According to the definition in the method section for estimating Ɵ angle, the mean of this angle in the right side was 42.22 ± 3.49 degrees (ranged from 34.4 to 51.3 degrees) and in the left side was 42.88 ± 3.45 degrees (ranged from 38.0 to 56.5 degrees) but there was no significant relationship between age, sex and teta angle (p=0.11 for RT and p=0.08 for LT side. There was also no relationship between length of disease and teta angle (RT, P=0.7 & LT, P=0.9).
Overall, the value of P angle was calculated based on the values of arc and Ɵ angles. The mean P angle in the right side was 20.8 ± 4.53 degrees (ranged from 12.4 to 30.0 degrees) and in the left side was 21.7 ± 4.1l (ranged from 13.7 to 33.5 degrees). Regarding the study endpoint to determine the correlation between P angle values and two parameters of the recording force and length from final microelectrodes, this significant correlation was observed only between the value of defined P angle and recording in the right side. On the other hand, decreasing the value of P angle led conflicted with force of the recording and therefore P angle tending to zero could lead to change force of the recording. However, the relationship between the value of this angle and the length of recording in both sides were insignificant (RT P=0.135 & LT P= -0.84). 
Discussion
The topographical information of deep brain structures is essential for accurate stereotactic placement of the stimulating electrode of DBS. The target of a deep brain structure is usually based on the (S-W) atlas that consists of two-dimensional images such as a coronal section. It is difficult to understand localization and the shape of deep brain structures spatially, especially of the subthalamic nucleus on S-W atlas. Besides, one of the most important problems for STN-DBS is proper insertion into the STN which can lead to the optimal results. In this context, the three-dimensional image is useful for diagnosis of STN anatomy and preoperative planning as well as giving the vivid spatial image of brain complex structures (19) . In addition, the postoperative clinical benefits of STN-DBS are directly related to the microelectrode placement (1). In fact, considering both clinical variables and electrophysiological recording data are mandatory to ensure optimal placement of the electrodes (16, 20, 21) . Previously, the association between DBS electrode place and clinical outcome was studied (22) . In fact, the principal cause of the poor clinical results arises from imprecision of electrode placement, leading to non-stimulation of the target as required. On the other hand, suitable implantation of electrodes in the STN can produce improvement in patients with poor results from surgery and with suspected electrode misplacement based on imaging findings (23) . Although relationship between surgical outcome and appropriate placement of implanted microelectrodes relative to the intended target has been evaluated in numerous studies. Few studies have been conducted to assess the association between the changes in the angle made by STN axis and mid-sagittal line and its-related defined angles and clinical efficacy of electrodes (14) . Logically the less P angle, the longer length of STN recording must be obtained according to coaptation of microelectrode to the main axis of STN. The findings in this study cause the authors to suggest that a change in the value of defined P angle can result in optimization of the force recorded from the electrodes, although we couldn't statistically prove the relationship between length of recording and P angle. The complimentary researches with more cases and more definite recording may clarify new results. Changes in the force of the recording intra operatively can be due to crossing the physiologic center of STN by the microelectrode. To our knowledge, this is the first study regarding determining STN angles and their role intraoperative outcomes defined on the recorded force and length from electrodes. However, we could obtain this result only in the right side electrodes probably because of small study sample size which made inaccurate results. Totally, it can be concluded that not only accurate electrodes positioning in the STN can lead to improved outcome within bilateral STN DBS, but also optimizing defined P angle can have beneficial effects on intraoperative outcome after STN DBS. However, future studies can focus on prospective evaluation of the degree to which modification of this angle determined target leading to improve clinical efficacy of DBS electrodes.
